The extensive administration of whole blood, plasma, and serum in the past few years has made the problem of homologous serum hepatitis an important one. The 23,000 cases of hepatitis in Armed Forces personnel (1) resulting from the injection of certain lots of yellow fever vaccine which had been stabilized with human serum gave great impetus to study of the disease in this country.
Most epidemiological investigations suggest strongly that the risk of transmitting hepatitis is greater with plasma than with whole blood (2) . This presumably depends on the practice of pooling the plasma from a number of donors, an occasional one of whom may harbor the virus, and of administering each pool to multiple recipients.
In the preparation of pooled plasma for the Armed Services from blood collected by the American Red Cross during the war, the size of the pools was set at 25 or 50 bloods depending upon final distribution in packages of 250 ml. or of 500 ml. In the preparation of normal human serum albumin, similarly collected pools of plasma representing from 250 to 2,000 bloods were used as starting material for the process of plasma frac- 1 This study was carried out under the Commission on Measles and Mumps, Army Epidemiological Board, Pre tionation. The large size of these pools made it seem probable that a considerable number of them would be contaminated with the virus of homologous serum hepatitis. This was a source of great concern to those directly involved in the plasma fractionation program and to the subcommittee on Blood Substitutes of the National Research' Council. Consequently, efforts were made to develop methods for the inactivation of hepatitis virus in solutions of normal human serum albumin.
The hepatitis viruses are known to be highly resistant to chemical and physical agents. They survive heating at 560 C for one hour (3), a temperature usually employed for the inactivation of viruses. They remain active for at least several years in the frozen state and withstand repeated thawing and refreezing (4) . In desiccated yellow fever vaccine, the icterogenic property was still present after at least one year of storage at room temperature (5) . Hepatitis viruses in plasma have remained active in the presence of merthiolate in a concentration of 1: 2000 (6) , equal parts of phenol and ether in a 0.5%o concentration (7) , tricresol in a 0.2% concentration (8) , and chlorine in excess of that required to destroy the pathogenic bacteria commonly found in drinking water (9) .
The remarkable thermal stability of normal human serum albumin solutions suggested the use of heat as the most likely method for the inactivation of the hepatitis virus. It was clear that the temperature required to inactivate the virus of hepatitis would be relatively high. It was therefore necessary to select conditions as rigorous as possible in order to obtain the greatest chance of destroying the virus, yet within limits which albumin solutions could withstand. The investigations 239 of Luck and his associates on stabilization (10, 11) and of Scatchard and his co-workers on the development of low-salt albumin (12) revealed that the addition of certain non-polar anions to solutions of albumin would markedly increase their thermal stability. The use of 0.04 M acetyltryptophane as a diluent resulted in an albumin solution which could be heated for 10 hours at 600 C without decreasing its stability below that of unheated standard preparations in which 0.3 M NaCl was the diluent. Consequently, this duration and degree of heating were agreed upon for trial. Since even higher temperatures could be attained by the use of larger amounts and different combinations of stabilizing reagents, it was also decided to test the effect of a 10-hour period at 640 C, using 0.02 M sodium caprylate in addition to 0.04 M acetyltryptophane to further enhance stability.
PROCEDURE
Owing to the lack of known susceptible laboratory animals, human volunteers must be inoculated in order to demonstrate the presence of active hepatitis virus in a given material. Because of the scarcity of volunteers, only limited experiments could be conducted. Plasma previously proven on repeated occasions to contavin a virus of homologous serum hepatitis (5) was selected for addition to the albumin solution to be treated and tested. A 25% solution of normal human serum albumin from a single lot was prepared for this experiment, one portion containing 0.04 M acetyltryptophane, and another portion 0.04 acetyltryptophane and 0.02 M sodium caprylate.
The icterogenic plasma which had been kept frozen at -70°C was shipped from Philadelphia to Boston on dry ice. It was thawed at 370 C and divided into 3 portions which were treated as follows:
Mixture A (control): Ten ml. of plasma were mixed with 40 ml. of 259 human serum albumin solution stabilized with 0.04 M acetyltryptophane. This mixture was stored in a tightly stoppered vaccine vial in the refrigerator until the heating of mixtures B and C was completed.
Mixture B: A mixture of 10 ml. plasma and 40 ml. of 25% albumin solution stabilized with 0.04 M acetyltryptophane was prepared in a tightly stoppered sterile vaccine vial. This was completely submerged in a water bath at 600 C for 10 hours.
Mixture C: A mixture of 10 ml. of plasma with 40 ml. of 25% albumin solution stabilized with 0.04 M acetyltryptophane and 0.02 M sodium caprylate was prepared in a tightly stoppered vaccine vial. This was completely submerged in a waterbath at 640 C for 10 hours.
Following the period of heating, Mixtures A, B, and C were promptly frozen with dry ice and shipped in the frozen state overnight to Trenton, N. J., where they were thawed at 370 C and injected on the same day. Fifteen volunteers were divided into 3 groups of 5 men each. Group I received Mixture A, Group II Mixture B, and Group III Mixture C. Each man was given 10 ml. of the material by intramuscular injection. The following liver function studies were carried out in all the volunteers according to standard methods already published (13) : urine bilirubin, urine urobilinogen, serum bilirubin, bromsulphalein retention, cephalin-cholesterol flocculation, serum colloidal gold and thymol turbidity. Urine determinations were carried out daily and serum determinations were performed once or twice weekly from a period of at least one month prior to injection until termination of the experiment 7 months after injection. If positive findings developed, all procedures were performed daily.
RESULTS
The results of the experiment are presented in Table I . Three of the five volunteers in the control group (I) which received the unheated mixture (A) of icterogenic plasma and albumin developed hepatitis, whereas none of the volunteers (Groups II and III) inoculated with the heated mixtures (B and C) showed laboratory changes suggestive of hepatitis. In Figure 1A , B, and C are given the laboratory findings of the three men in Group I who developed hepatitis but without clinical jaundice.
The experiment indicates that heating for 10 hours at either 600 C or 640 C appeared to be adequate to inactivate this hepatitis virus in human albumin solutions. The effectiveness of this temperature for shorter periods of time or the 
DISCUSSION
The need for methods of inactivating the virus of hepatitis in blood and blood products has been emphasized by the report by Spurling et al. (2.) who investigated the incidence of homologous serum hepatitis in recipients of 400 different pools of serum and plasma provided by one London Blood Supply Depot. Jaundice developed in 7.3% of recipients of serum and plasma, but did not occur among an equal number of recipients of whole blood.
Recent evidence makes it clear that pooled plasma prepared from blood obtained in the United States is likewise frequently icterogenic. In a study made by the New York State Department of Health (14) the incidence of homologous serum jaundice following the administration of reconstituted dried plasma distributed by the American Red Cross has been approximately 4.5%o of 649 patients on whom adequate data could be obtained. A study of the experience of a hospital blood bank, using frozen plasma, revealed at least 11 cases of serum jaundice in a year during which 949 units of pooled plasma and 1,494 units of whole blood were administered to patients (15) .
These figures indicate that the fears concerning the danger of wide dissemination of homologous serum jaundice by normal human serum albumin are fully justified since the albumin was prepared from far larger pools than plasma and each lot was distributed to many more recipients. Because of these fears, studies of the effect of the plasma fractionation process on viruses were made. Bird, Enders, and Boyd (16) showed that viruses added to pooled plasma survived a small scale fractionation procedure in the laboratory. Theiler's mouse encephalomyelitis virus, vaccinia virus, tobacco mosaic virus, and tobacco necrosis virus were added to a small pool of plasma and fractionated to yield the major fractions. Titration of the viruses in the original plasma and in the fractions indicated that these viruses were neither destroyed nor concentrated in any particular fraction. Actual clinical experience has demonstrated that the use of fraction II (Gamma or immune serum globulin) in several thousand children has not been followed by hepatitis (17) . Much less extensive experience with normal serum albumin has failed to reveal cases of hepatitis attributable to it. Nevertheless, the large size of the plasma pools from which plasma fractionation products are prepared, and the apparent lack of deleterious effect of the fractionation process on test viruses made imperative these studies on heat inactivation of the virus of homologous serum hepatitis in albumin solutions. Few experiments conducted up to the present time have been designed deliberately to inactivate or neutralize the hepatitis virus in whole blood, serum or plasma. Oliphant (18) has reported several studies in which a hepatitis virus in yellow fever vaccine or in serum apparently was inactivated by irradiation with ultra-violet light. Similar studies carried out by Mac-Callum (19) failed to confirm fully the work of Oliphant but the method employed appears promising and certainly deserves further investigation.
Stokes and his co-workers (20, 21) have prevented infectious (epidemic) hepatitis in men exposed to the disease by intramuscular injections of gamma globulin. The effect of gamma globulin is thought to be due to the presence of protective substances in the globulin. Less conclusive results in the protection by gamma globulin against homologous serum hepatitis (22, 23) may have been due to the administration of inadequate quantities of gamma globulin. Studies in volunteers now in progress may clarify further the role of gamma globulin in the prevention of homologous serum hepatitis (24) .
Heating at 600 C for 10 hours is a practical procedure in the large scale preparation of human albumin solutions, and this step now is included in their routine preparation (12) . It appears probable, therefore, that human albumin solutions so prepared will be free from the risk of viral hepatitis. Unfortunately, this method cannot be applied to serum or plasma, as coagulation occurs at 600 C.
Although such heating does not seriously alter the properties of albumin solutions which have been properly stabilized it will lower the total duration of time during which the protein will withstand heating, particularly if any deviations from standard methods may have occurred during processing. Therefore, it would be desirable to know whether a shorter period of heating would regularly inactivate the virus or whether the process of fractionation itself regularly gives rise to a safe albumin solution. Unfortunately, the long incubation period of homologous serum hepatitis and the necessity for the use of human volunteers seriously handicap further studies on these questions. SUM MARY 1. Because of the large size of the plasma pools used as starting material for the preparation of the products of plasma fractionation and because viruses added to plasma experimentally have been detected in all the major fractions obtained from it, contamination of solutions of normal human serum albumin with the virus of homologous serum hepatitis appears possible. Accordingly methods of inactivation of this virus in serum albumin were sought.
2. On the basis of limited experiments the virus of homologous serum hepatitis appeared to be inactivated when stabilized human albumin solutions to which the virus was added were heated at 60°C and 640 C for 10 hours. This degree and duration of heating apparently do not seriously alter the measurable chemical or physical properties of the albumin. 3. The minimum amount of heating required to inactivate this virus was not determined. 4. The method described is not applicable to whole blood, plasma, or serum.
5.
Heat treatment at 600 C for 10 hours in the final container is now a routine step in the preparation of human albumin solutions. Clinical use of albumin so prepared would appear to be free from the risk of transmission of active serum hepatitis virus.
